Despite a recent increase in the HIV/AIDS epidemic among young people in China, youth-specific HIV data are limited.
Introduction
Globally, HIV infection disproportionately affects young people, particularly in developing countries [1] [2] [3] [4] . The main reasons for this may include limited access to comprehensive sex education and subsequent lack of awareness, adolescents' risk-taking behaviours, concerns about rights and confidentiality, sexual violence against young girls and nonavailability of youth-friendly quality reproductive health services [1] [2] [3] [4] . Currently, about 6% of all people living with HIV and 12% of new adult HIV infections are attributed to adolescents [5] . Overall, an estimated 5 million young people aged 15-24 years were living with HIV in 2009 and accounted for 41% (about 890 000 cases) of new HIV infections globally [6, 7] . Perhaps most alarming of all was the observation that adolescents were the only age group in which AIDS-related deaths increased by 50% between 2005 and 2012 and showed no decline thereafter [1, 5, 8] . Despite global commitments and continuous preventive efforts, young people continue to demonstrate a persistently high risk of HIV infection (an estimated 670 000 individuals between 15 and 24 years old became newly HIV infected in 2013) [5, 8] .
Historically driven by plasma donors, the dynamics of HIV transmission have changed over the past few decades in China [9] [10] [11] . Moreover, the HIV epidemic has shown marked variation among the different risk groups in this country. Estimated HIV-positive rates have remained low in the general population (0.1%) and female sex workers (0.2%), decreased among injecting drug users (IDUs; 6.3%), and increased among men who have sex with men (MSM; 7.3%) and older people aged ≥ 50 years [9, 12, 13] . The number of HIV-positive cases has also increased among young people in recent years, and sexual transmission (especially via premarital sex) accounted for more than 90% of these new cases. Another issue of huge concern is the potential for young people at high risk of infection, such as school drop-outs, young migrants, those in juvenile detention centres and residents of highprevalence zones, to be omitted from national HIV prevention initiatives [14] [15] [16] .
Although the vulnerability of young people to HIV infection has become increasingly evident, there have been few efforts to identify their social networks and the potential roles of these networks in HIV transmission. Furthermore, limited data on geographical clustering of HIV-positive young persons in China demand detailed investigation. In 2014, we conducted a study to evaluate the HIV/AIDS epidemic among older adults in China through spatial analysis [13] , and this study became a landmark for the planning of programmes and the design of interventions targeting older adults in China. We believe that conducting a similar study among young people will have a similar impact on the planning of programmes and the design of interventions targeting young people in China.
The objectives of the current research were to describe the epidemiological and spatial distributions of HIV infection among young people between 2005 and 2012 in China so that policy makers can identify and address their specific needs in terms of HIV prevention, care and treatment.
Materials and methods

Data collection
An HIV/AIDS case reporting system (CRS) was established in China in 1985 and went online in 2005. In this webbased reporting system, all new cases identified at local hospitals, clinics run by the Centers for Disease Control and Prevention (CDC) and blood banks are reported at regular intervals [17] . Based on the principles of the national HIV/AIDS testing protocol, laboratory technology regulations and the diagnostic criteria specified by the CDC, blood samples were initially screened for HIV using Enzyme-linked immunosorbent assay (ELISA): Chemiluminescence or Imunofluorescenceand rapid testing. Samples positive at screening were confirmed positive by western blot (WB), a radioimmunoprecipitation assay (RIPA) and an immunofluorescence assay (IFA). Samples positive in the confirmatory tests were considered to be HIV seropositive [18] . In addition, as per the protocol and using a standardized case report form, a face-to-face interview was conducted in a private room to gather information on sociodemographic characteristics [age, gender (male/female), occupation (student/other occupation), education (illiterate/primary school/junior high school/senior high school/college or above/unknown) and disease status (HIV/AIDS)], routes of transmission (heterosexual/homosexual/blood or plasma donor/injecting drug use/unknown or other) and risk behaviours from each eligible subject. To ensure data quality through multiple logic checks, all completed case report forms were dispatched to the National Center for AIDS/STD Control and Prevention (NCAIDS) after ascertainment of new cases. To minimize the likelihood of duplication of reported cases, local CDC staff members rechecked identification (ID) numbers, names, addresses and other relevant information at the field level. All information was also verified and evaluated at the national level by NCAIDS personnel to identify residual mistakes, if any. If a duplicate record was detected, a single record was retained for each duplicated subject. Thus, this extensive and robust CRS procedure helped us to obtain detailed information on new cases as well as geographical distribution throughout the country.
In our study, "HIV", "AIDS" and "HIV/AIDS", respectively, referred to the presence of HIV infection at the time of reporting, the development of AIDS and having either HIV infection or AIDS. Considering evidence from the literature regarding the probable age at which young people become sexually active and start to engage in risky behaviours, in the present study we defined young people as persons aged between 15 and 24 years, consistent with the definition of the Joint United Nations Program on HIV/AIDS (UNAIDS) [4] .
Data management
All young people with HIV/AIDS aged 15-24 years identified in the CRS during 2005À2012 were considered for inclusion in the analysis. Subjects with inconsistent addresses were excluded from the study. To protect the confidentiality of subjects, all personal identification information was removed from the database before starting the data analysis. All reported case records were geocoded to the street address at provincial and city levels to obtain valid geographical coordinates (latitude and longitude) of the current place of residence.
General spatial autocorrelation
Assuming a consistent spatial distribution of HIV infection across different provinces in China, Moran's index (I) was used to measure the patterns (clustered/dispersed/ random) of distribution of HIV/AIDS cases among young people throughout the country. Values for Moran's I ranged from À1 to +1. The pattern of distribution was considered to be clustered if the value of Moran's I was > 0 and the Z-value was > 1.96 or if Moran's I was < 0 and the Z-value was < À1.96. Otherwise, the pattern was considered to be random or dispersed [19] .
Local spatial autocorrelation
The Getis-Ord statistic (Gi) was used to identify clusters at local levels, or so-called hotspots, which helped us to compare the local pattern with the global pattern (the local pattern might either be driving the overall clustering pattern or reflect heterogeneities within the global pattern). Local clusters with a Z-value > 1.96 were identified as hotspots, indicating elevated rates of HIV infection and the greatest public health needs. Local autocorrelation was conducted at city level to detect hotspots among young people in China. Spatial analysis was conducted using ARCGIS 10.2 software (ESRI Inc., Redlands, CA, USA).
SpaceÀtime scanning SATSCAN 9.3 software (Boston, MA, USA) was used to determine the distribution of HIV clusters in space, time or both under the assumptions of the spaceÀtime permutation probability (Poisson) model, which scanned areas of high HIV incidence, with a time allocation of 1 year, a maximum size of spatial cluster equal to 50% of the atrisk population, a maximum size of temporal cluster equal to 50% of the study period and a maximum of 999 Monte Carlo simulations. The principal component of spatial scan statistic was based on the geometry of the scanning window. Usually, a cylindrical window was moved over each defined region where the base of the cylinder represented a specific geographical area and the height of the cylinder represented a specific time period. A log likelihood ratio (LLR) and relative risk (RR = observed number of cases/expected number of cases) were calculated. A cluster was considered statistically significant if the P value was < 0.05. The formula used for LLR was:
where C was the total number of cases in the data set, c was the number of observed cases within the scanning window and l was the expected number of cases in that window. The scanning window with the maximum LLR value was defined as cluster 1, and windows with lower LLR values were defined as clusters 2, 3 etc.
Ethics
The study was approved by the Institutional Review Board of the National Center for AIDS/STD Control and Prevention, Chinese Center for Disease Control and Prevention (9120331209). As we were carrying out a secondary analysis based on reported data and all individual information was removed before analysis, we were not required to obtain informed consent from individuals.
Results
Between . Overall, the distribution of age (> 80% were 20-24 years old) was similar over time. The distribution of educational attainment revealed that most of the young people had received education up to junior high school level (35À40%) followed by primary level (15À25%) in each year ( Table 1) .
The majority of young people with HIV/AIDS were reported from 12 cities, namely Tianjin, Shenyang, Harbin, Hangzhou, Zhengzhou, Wuhan, Changsha, Chengdu, Liangshan, Xi'an, Aksu and Kashgar. In these 12 cities, number of reported cases in young people increased 5-fold between 2005 and 2012 (Fig. 1) .
Spatial analysis
General spatial autocorrelation tests revealed significant clustering of young people with HIV/AIDS (aged 15-24 years) throughout the country during each year of the study period. Local spatial correlation using the same matrix was implemented to determine the year-wise distribution of hotspots at city level throughout China (Fig. 2) . (Fig. 2) .
The spaceÀtime permutation scan statistics identified three significant clusters in different time intervals and spaces ( Table 2 ). The first cluster (the largest in size) was detected between 2009 and 2012 with LLR = 13 415.26, radius = 835.11 km and RR = 6.28, covering 54 cities in All values are n (%).
the provinces of Guizhou and Yunnan, the Chongqing municipality, some western cities in the Guangxi Zhuang autonomous region and some central and southern cities in the province of Sichuan (Fig. 3) . Compared with neighbouring cities, those identified in this cluster had a 6.28 times higher risk of HIV infection in young people. Guangxi, Yunnan and Sichuan) and Beijing municipality. A similar increase in the HIV epidemic among young people has also been reported from other countries. Of the estimated 35.3 million people living with HIV globally in 2012, 2.1 million were adolescents. The highest number of adolescents living with HIV was reported from subSaharan Africa (1.7 million; about 85% of the total burden), followed by South Asia (130 000; about 6%), East Asia and the Pacific (110 000), Latin America and the Caribbean (81 000), Eastern Europe and Central Asia (22 000), and the Middle East and North Africa (17 000). Approximately 300 000 individuals between 15 and 19 years old became newly infected with HIV in 2012 [8] .
There were a myriad of factors that could have resulted in a higher number of HIV positives in this group. Societal shifts and changes in behavioural patterns coupled with enormous development changes are Fig. 2 Hotspots of HIV/AIDS cases among young people at city level by year, obtained using local spatial autocorrelation. known to increase the vulnerability of young people to HIV infection [20] . Previous studies in China revealed that 11-26% of college students had sexual experience and that condom use rate in this group was low [21, 22] . Inconsistent condom use and several other risk-taking behaviours were also reported among young people in the USA (African-Americans aged 18-21 years) and Uganda [23, 24] . Poor HIV-related knowledge and low self-perceived risk may be associated with this rising burden of HIV infection among young people [8, 25, 26] . Basic understanding of HIV was also found to be appallingly poor among Chinese young people, as > 85% of them had no knowledge regarding HIV prevention [14, 27, 28] . In addition to individual risk-taking behaviours, improved detection of HIV infection through the robust CRS system in China may be another contributing factor to this rise in the number of cases of HIV infection in recent years [15, 17] . In addition, the proportion of people who had already progressed to AIDS decreased during the study period, which may suggest a rising awareness of the need to be tested for HIV among young people. Thus, in the light of the above concerns, it seems that improved access to youth-friendly counselling centres and enhanced coverage of sustained prevention and support services specific for adolescents may be effective in bringing about positive behaviour change, with a subsequent reduction in high-risk activities, in this socially vulnerable group. Spatial analysis in our study demonstrated significant clustering of young people with HIV/AIDS (15-24 years old) throughout China, with a gradual rise in the number of hotspots over time. Further, several new hotspots were identified in Guangxi and in the provinces of Yunnan, Sichuan and Xinjiang between 2005 and 2012. In recent years, the HIV epidemic has remained concentrated among high-risk groups, and marked variation was found in epidemiological characteristics across the counties (districts) of the 31 provinces of China. The highest numbers of HIV cases were reported from Yunnan, Guangxi, Xinjiang and Sichuan in 2013 [9, 29] . Evidence from earlier studies revealed that overland heroin export routes from Burma (the largest producer of heroin globally, producing about 60% of the world's heroin) and Laos (the third largest producer) have led to dual epidemics of IDU and new HIV infections in Yunnan, Xinjiang and Guangxi [11, 30, 31] . Although the HIV epidemic in southern areas was initially driven by IDU, heterosexual transmission became predominant in the later phase. Henan was the only province that showed significant clusters of blood/ plasma donors. However, throughout the country, the HIV burden remained high among MSM [29] . Hotspots were also detected in densely populated cities such as Beijing, Shanghai and Guangzhou since 2010 in the present analysis. In addition, new clusters were identified in provincial capital cities such as Xi'an, Wuhan, Changsha, Hangzhou and Shenyang in 2012. It may be speculated that these clusters might be linked to the presence of universities, as most of the universities in China are located in these cities, where a huge number of students are enrolled each year. A college atmosphere, combined with the sexual revolution that is occurring in the historically conservative Chinese society, particularly the acceptance of premarital sex among young people, might create a conducive environment for young people to congregate to engage in high-risk behaviours [25, 32] .Thus, the promotion and acceptance of comprehensive sex education incorporating accurate and age-appropriate information on HIV in academic institutions seems to be needed in order to prevent HIV transmission among students.
Although the clusters of young people with HIV/AIDS mostly overlapped with the locations of hotspots, there were a few nonoverlapping zones. This difference may be attributable to the use of different principles in the local spacing autocorrelation (ARCGIS software) and spaceÀtime analysis (SATSCAN software). Thus, the findings from each analysis should be considered in tandem rather than individually [33] [34] [35] . If the current pattern of clustering continues, it is likely that many young people will be infected over the next few years. These findings clearly indicate that there is a need to roll out target-specific socio-behavioural programmes aimed at Chinese young people, to ensure that they have sufficient access to high-quality HIV testing and prevention services and that they use them frequently.
There were several limitations to our study. As this was a record-based study, the number of reported HIV/AIDS cases among young people may have been affected by the availability and uptake of HIV antibody testing and by prevention efforts. Moreover, unidentified cases (either not detected or not reported) in the CRS may have influenced the identification of hotspots in our study. Although we could not control for these factors in our analyses, which may have introduced some biases in the present study, we believe that the probability of such biases is minimal because of the extensive ongoing HIV/AIDS surveillance and monitoring system that operates across the country. In addition, individuals with nonspecific spatial information were dropped from our study. However, this percentage was very small and thus unlikely to introduce any bias. The data that we used unfortunately did not include information on migration and health care access (including diagnostic facilities) as, by design, it was record-based, and hence it was not possible to investigate these factors in our study. Because of the design, it was also not possible for us to identify changes in the reporting fraction, and hence we could not determine the fraction of the observed change in hotspots that was attributable to the increase in recognition and reporting of HIV cases. Further, the newly reported cases should not be taken as incidence; rather, they should be interpreted as newly observed burden. Despite the study limitations and scarcity of information on the spatial distribution of HIV cases among Chinese young people, by virtue of the large sample size, cost-effective robust methodology, efficient detection of significant clusters and hotspots through advanced technologies and strength of data analyses, we believe that this study provides important insights into the dynamics of HIV transmission among young people.
Conclusions
An increasing number of young people were infected with HIV in China between 2005 and 2012. According to the spatial analysis, marked geographical variation of HIV infection existed at regional level. Several new hotspots and significant HIV infection clusters were detected initially in the southeastern coastal areas and southwestern frontier provinces, with a subsequent gradual shift of hotspots and clusters to the northeastern part of China. Thus, HIV infection among young people should be viewed more contextually and preventive efforts should be targeted towards changing risky environments as well as risky individual behaviours. In the future, in addition to designing effective behavioural change interventions, it would be worthwhile to carry out spatial analyses of the behavioural risk factors associated with HIV infection among young people to reduce or prevent further spread of the epidemic.
conducted the statistical analysis. LW and NW contributed to the design of the study. SM and TM revised the manuscript before submission.
